In an earlier study, irrigation water use in the Del Reguero watershed (DRW) was assessed 14 using various water management indices. In this study, the phosphorus (P) transport dynamics 15 in the irrigation return flows were analyzed. Phosphorus fertilization practices were 16 determined through interviewing farmers, and P loads were monitored from October 2007 to 17 load in the Del Reguero stream was considered small with regard to total phosphorus input 1 (0.23%). However, the amount of TP load in the Del Reguero stream was considered 2 significant in regard to surface water eutrophication. Because the majority of the TP load 3 existed in the dissolved form (TDP = 93% of TP), a large portion of the P losses from the 4 system was available for algae growth, thereby, enhancing eutrophication. 5 6
watershed (DRW) location has been presented in the companion paper of this series (SkhiriP (TDP), and particulate P (PP). Additional water sampling was manually performed once 1 every three weeks to determine the suspended solids (SS). The sampling period was from 2 October 2007 to September 2009 (two hydrological years). The TDP (on filtered samples 3 using a 0.45-µm filter) and TP (on unfiltered samples) were colorimetrically analyzed 4 following an acid persulfate digestion. The TDP concentrations included both soluble reactive 5 P, which is thought to be the most bioavailable P fraction (Reynolds and Davies, 2001) , and 6 soluble organic P. The TP concentrations included the TDP and PP fractions. The particulate 7 P fraction was determined as the difference between the TP and TDP in water samples. 
Phosphorus mass balance 22
The P mass balance was performed for the 2008 and 2009 hydrological years considering the 23 most important inputs and outputs of P in the watershed. The P mass balance was calculated 24 assigning P concentrations to each of the water balance components carried out in the firstpart of this study (Skhiri and Dechmi, 2011a) . Evapotranspiration and losses due to 1 evaporation and wind drift in the sprinkler irrigation system were considered P-free. 2 Therefore, these losses were not considered in P mass balance calculation. A phosphorus mass 3 for each water balance component was calculated by multiplying the P concentration by the 4 corresponding water volumes. In addition, P mass balance included fertilizers (mineral and 5 organic) as an input into the system and the amount of P extracted by crops as P output from 6 the system (Eq. 1). The phosphorus mass balance was calculated with the following formula: 7 8 ) P (P ) P P P P P (P ΔP
(1) 9 10 where P I is the P mass in irrigation water; P P is the P mass in precipitation; P MW is the P mass 11 in municipal wastewaters; P FC is the P mass in filter cleaning waters; P OF is the P mass in 12 organic fertilizers; P MF is the P mass in mineral fertilizers; P SO is the P mass from the surface 13 drainage outflows; and P H is the P mass from harvested biomass. 14 The phosphorus concentrations in irrigation and filter cleaning waters were determined in 15 water samples taken from the Pertusa canal during the study period (P I = P FC = 0.001 mg L ). In addition, no significant 2 difference (P < 0.05) was found between average P-Olsen concentration in layers 0 -30 and 3 30 -60 cm (16.9 vs. 12.9 mg kg -1
). This indicates that there is a transfer of P from the soil 4 profile to the subsoil, mainly due to presence of stones (20% on volume in average) that 5 induce macropore and preferential transfer pathways. 6
The highest average P-Olsen content (39.3 mg kg -1 ) was measured in shallow alluvial soils at 7 layer 0 -30 cm (Table 2 ). For this soil type, no significant difference (P < 0.05) was found 8 between average P-Olsen content in the different layers. This indicates that there is a transport 9 from upper layers towards bottom layers via subsurface flow. Sharpley et al. (2001) cited that 10 the closer the field to the stream, the greater the chance to reach it. This means that shallow 11 alluvial soils could be responsible for a major part of P reaching Del Reguero stream. 12
Deep alluvial soils presented an average P-Olsen content of 29.1 mg kg -1 in the layer 0 -30 13 cm (Table 2) . A significant difference (P < 0.001) was found between the average P-Olsen 14 concentrations in the layer 0 -30 cm and the P-Olsen concentrations in deeper layers. This 15 means that P transport via subsurface flow is not functional, since average P-Olsen 16 concentrations in the deeper layers are the lowest ranging from 4.0 mg kg . With regard to the barley fields, the increase of the Olsen P concentration was 6 expected because the same surveyed fields were fertilized and sown with the same crop 7 several days before performing the soil sampling on November 16, 2009. The decreases in 8 soil Olsen P content in alfalfa, corn, and sunflower plots were attributed: crop P uptake; P loss 9 through the processes of dissolution, incidental transfers, or physical transfers (Haygarth and 10 Sharpley, 2000); and P fixation or retention processes (White, 1981; Barrow, 1987 Barrow, , 1987 . 11
Using the agronomic interpretation of soil Olsen P concentrations as previously proposed by 12
López Ritas (1975) , all sampled fields presented high Olsen P concentrations in the 0 cm -30 13 cm soil layer (25 mg kg plots occupied by corn presented a moderate or a high risk of P loss in runoff, and all alfalfa 21 plots showed a low risk of P loss in runoff. 22 Table 1 shows the average date (d) of application and mean amount of phosphorus applied 1 (PA) in each fertilizer application for the main crops during the 2008 and 2009 hydrological 2 years. The P fertilization dates were variable among crops and years. The majority of farmers 3 in the DRW applied solid and liquid P fertilizers on the soil surface. Moreover, the dates of P 4 applications were mainly concentrated in the spring and summer months during ecologically 5 sensitive periods (Withers et al., 2009). During these periods, the biological activity of some 6 species, such as salmon, is at its highest activity. 7
In all surveyed plots, alfalfa has more than one year stand. Therefore, the results shown in 8 Table 1 do not show manure and preplant P fertilizer applications. Two P fertilizer 9 applications were applied during the alfalfa growing season: one in spring and the other in 10 summer. For corn, the common practice was to apply P organic fertilizers in late February or 11 early March and to apply preplant P mineral fertilizers several days before sowing during the 12 month of April. With regard to the fertilizer regime for corn fields, there was a high risk of P 13 loss because P was applied to the soil surface before sowing (Beaudet et al., 1998). For barley, 14 the dates of fertilizer applications depended on the type of fertilizers applied. If the fertilizer 15 applied was organic (manure or slurry), farmers started fertilizing in the month of October. If 16 the fertilizer applied was mineral, farmers started to fertilize several days before sowing. In 17 both cases, the farmers fertilized early before the beginning of the fall season precipitations. 18
For the sunflower crops, there was only one P fertilization application several days before 19 sowing in the month of April, which presented a high risk of P loss (Beaudet et al., 1998) . 20
The total amount of P fertilizers applied during 2009 was 15.3% higher than the total amount 21 of P fertilizers applied during 2008. This increase was due to the increased amount of P 22 fertilizers applied to alfalfa and barley crops because the areas occupied by these crops were 23 similar during the two study years. As expected, corn was the most fertilized crop (72% and 24 64% of total P applied in the study area during 2008 and 2009, respectively) followed bybarley (14% and 18%) and alfalfa (9% and 16%) ( Table 1 ). Due to the small coverage of 1 sunflower crops, only 5% and 2% of total P applied was applied to sunflower crops in 2008 2 and 2009, respectively (Table 1) . 3 The crop harvested P (P H ) was lower than the P applied with fertilizers (P F ) in both years for 4 the main crops, except for alfalfa crops in 2008 and sunflower crops in 2009 (Table 3) . Corn 5 and barley phosphorus fertilization more than doubled the calculated crop phosphorus 6 extraction (Mean P H /P F = 0.4). For corn crop, the farmers applied more P than crop 7 requirements trying to protect the high economic yield of the corn crop. In the case of alfalfa, 8 the P F was lower than the P H in 2008, and the opposite occurred in 2009 even though the crop 9 yields were similar for the two study years. For 2008, the result of P F being lower than the P H 10 was logical because farmers fertilized the alfalfa taking into account the symbiotic fixation of 11 N by the crop. Therefore, the alfalfa fields were not fertilized enough to replace P extractions 12 leading to a P H /P F ratio of 1.3. On the contrary, in 2009 alfalfa was over fertilized with a P H /P F 13 ratio of 0.5. This was due to the type of fertilizer used to satisfy nitrogen crop needs. In 2008, 14 the type of fertilizer used was 06-09-19, with an average applied dose of 600 kg ha (97% and 83% of samples, respectively) surpassed this potential risk threshold (Table 5) . concentrations and streamflow (r = -0.30; P < 0.01) (Fig. 4A ) and between TDP 18 concentrations and streamflow (r = -0.36; P < 0.01) (Fig. 5A ). These relationships were also 19 weak when considering the IS data. The correlation coefficient was -0.31 (P < 0.01) between 20 the TP concentrations and streamflow (Fig. 4C ) and -0.38 (P < 0.01) between TDP 21 concentrations and streamflow (Fig. 5C ). The correlation coefficient was -0.72 (P < 0.01) 22 between monthly average TP concentrations and monthly average streamflow (Fig. 4D) and -23 0.72 (P < 0.01) between monthly average TDP concentrations and monthly average 24 streamflow (Fig. 5D) . In all cases and mainly during the irrigation season, there was aninverse relationship between phosphorus concentration (TP and TDP) and flow, indicating 1 that P concentrations were diluted in higher streamflows. Skhiri and Dechmi (2011a) did not 2 find a significant correlation between TP concentrations and flows for several irrigated 3 watersheds except for the Alcanadre watershed where they reported the TP in the IS to be 4 positively and significantly correlated with flow (r 2 = 0.5; P < 0.05). 5
However, the dilution effect was not observed when only data of storm events were 6 considered. The TP and flow temporal trends of the storm events studied were similar (Figs. , respectively, matching the peak streamflow (Figs. 6B and 6C) . 13
Moreover, peak TDP concentrations always took place along with peak streamflow or with 14 peak TP concentrations. 15
The maximum TP concentrations reached during storm events 1 and 2 were similar even 16 though the peak streamflow was more than four times higher during storm 2 (915 L s The P use efficiency (PUE) (plant harvest P / P input) in the study area was low with a value 7 of 40.6%, which led to a P surplus of 43.8 kg ha for the UK and 13
Finland, respectively). 14 3.6. Phosphorus export 15 Table 7 The mean TP L was higher during the IS than the NIS (143 kg and 91 kg, respectively), which 6 was expected because the streamflows recorded during the IS were significantly (P < 0.01) 7
higher than those recorded during the NIS for both study years. mentioned that P export variation is strongly related to the annual flow variation and that 17 between 60% and 80% of the P loads are typically exported in the two or three months of the 18 year with highest rainfall (e.g., January and April). 
Conclusions 7
Soil phosphorus levels observed in the study area remained above critical values, especially 8 for shallow and deep alluvial soils. In addition, P fertilization management analysis showed 9 that the majority of crops (especially corn) were over-fertilized. This was highlighted by the 10 low P use efficiency. These results pointed to a great risk of increasing P concentrations in 11 drainage waters and, therefore, in receiving water bodies. During the study period, 90% of the 12 total analyzed water samples had TP concentrations over the threshold of eutrophication (0.02 13 mg L -1 ) and, therefore, presented a high threat to water quality. Moreover, TDP was the 14 dominant P form (90% of TP), which indicated that the majority of the P losses from the 15 system was available for algae growth, and thereby, enhancing eutrophication. TP decreased with increasing streamflow due to water dilution. However, this dilution effect 18 was not observed during storm events (total phosphorus concentrations increased with 19 increasing streamflow). This is due to the fact that during storm events surface flow processes 20 and erosion were dominant and enriched streamflow with phosphorus in dissolved and 21 particulate forms. The phosphorus mass balance showed a residual P in the system (67.09 22 Mg). The majority of P (61%) was exported during the IS when the flow was dominated by 23 drainage waters. The exported amount of P was considered significant with regard to the 24 eutrophication of surface water.
The sprinkler irrigation system is identified to release significant amounts of phosphorus to 1 receiving water bodies. Fertilizers and irrigation management were identified and should be 2 changed to improve the quality of the irrigation return flows. Many practices can be proposed 3 including rate and method of nutrient application, depth of till, amount of irrigation water 4 applied, time and dose of irrigation. However, their effectiveness in improving water quality 5
at watershed scale should be tested. 
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